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SUMMARY 


PROBLEM 

Large,  acrylic  plastic  domes  for  deep  submergence  applications  have  been  built  pri¬ 
marily  by  bonding  small,  thermoformed  structural  modules.  The  large  amount  of  hand 
labor  required  by  this  approach  makes  such  domes  relatively  expensive. 

RESULTS 

A  casting  technique  utilizing  a  glass  fiber-reinforced  plastic  mold  system  composed 
of  male  and  female  molds  filled  with  monomer/polymer  casting  syrup  has  been  shown  to  be 
capable  of  producing  massive  domes  of  at  least  78-inch  diameter  and  6.375-inch  thickness 
with  significant  saving  in  labor  over  domes  built  by  bonding  small  structural  modules.  The 
dimensional  deviations  of  massive  domes  cast  by  this  technique  are  higher  than  those  of 
machined  massive  modular  domes  but  less  than  those  of  thin  domes  free-formed  by  com¬ 
pressed  air. 

RECOMMENDATIONS 

The  casting  of  massive  acrylic  plastic  domes  in  glass  fiber-reinforced  plastic  molds 
should  be  considered  as  an  economically  attractive  technique  for  production  of  massive 
domes  for  deep  submergence  application. 
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INTRODUCTION 


Many  ocean  engineering  systems  require  transparent  structural  components  that 
serve  as  windows.  Since  the  size  of  the  window  directly  influences  the  field  of  view  that  the 
window  provides,  a  premium  is  placed  on  size.  However,  large  sizes  require  that  windows  be 
quite  thick. 

Thick,  plane,  acrylic  plastic  windows  can  be  readily  manufactured  either  by  laminat¬ 
ing  many  thin  sheets  or  by  casting  massive  blocks.  In  either  case  the  technology  is  well  devel¬ 
oped  and  plane,  acrylic  plastic  windows  of  almost  any  thickness  and  size  can  be  obtained 
from  industrial  suppliers  on  a  fixed-price  basis.  Still,  plane  windows  are  not  as  much  in  de¬ 
mand  as  are  spherical  shell  windows,  whose  shape  makes  them  structurally  superior  (refer¬ 
ences  1-10). 

Unfortunately,  the  technology  for  the  fabrication  of  spherical  shell  windows  is  not 
so  advanced  as  is  that  for  plane  windows.  Thin  windows  can  be  readily  fabricated  by  blow¬ 
ing  with  compressed  air,  with  or  without  a  mold,  but  the  resulting  hemispheres  are  of  varying 
thickness  and  must  be  limited  in  their  operation  to  shallow  depths.  Thick  windows  have 
been  fabricated  only  (1)  by  laminating  many  thin,  blown  shells;  (2)  by  hogging-out  massive 
castings;  or  (3)  by  assembling  and  bonding  many  small  structural  segments.  Of  these  three 
approaches,  the  laminating  produces  shells  of  varying  thickness,  while  the  hogging-out  is  pro¬ 
hibitively  expensive.  Only  the  bonding  of  small,  identical  segment  assemblies  has  produced 
thick,  spherical  shell  windows  of  uniform  thickness  at  a  tolerable  price.  It  was  this  technique 
which  was  used  to  fabricate  spherical  hulls  for  the  NEMO,  MAKAKAI,  and  JOHNSON  SEA 
LINK  deep  submergence  vehicles.  Bonding  left  a  lot  to  be  desired  in  terms  of  cost,  because 
it  entailed  an  inordinate  amount  of  hand  labor.  Obviously,  another  technique  was  needed 
that  would  require  significantly  less  hand  labor  while  producing  thick,  spherical  windows 
with  acceptable  dimensional  tolerances. 

A  fabrication  technique  which  seemed  promising  was  the  casting  of  monolithic  hemi¬ 
spheres.  It  was  thought  that  if  problems  of  excessive  shrinkage,  cracking  and  generation  of 
bubbles  during  the  polymerization  process  could  be  surmounted  without  excessive  invest¬ 
ment  in  tooling,  this  process  would  permit  the  production  of  inexpensive,  spherical,  acrylic 
plastic  windows  of  large  size. 

Realizing  the  potential  savings  if  an  inexpensive  casting  technique  could  be  developed, 
the  Naval  Undersea  Center  initiated  studies  of  two  casting  techniques.  The  first  would  mini¬ 
mize  the  cost  of  tooling  in  cxciiange  for  allowing  ( 1 )  large  dimensional  tolerances  in  the 
sphericity,  diameter  and  thickness  of  the  casting  and  (2)  a  large  amount  of  hand  labor  for 
polishing  of  the  cast  surfaces.  The  second  would  (I )  minimize  the  amount  of  hand  labor  for 
polishing  and  (2)  keep  the  thickness,  sphericity  and  radius  within  tight  dimensional  toler¬ 
ances,  but  would  require  expensive  tooling.  This  paper  describes  the  first  study. 


DISCUSSION 


DESIGN  OF  DOME 

The  objective  of  the  casting  technique  study  was  the  fabrication  of  an  acrylic  plastic 
hemisphere  with  a  nominal  78-inch  outer  diameter,  65.25-inch  inner  diameter  and  7-inch 
cylindrical  skirt.  This  dome  was  dimensioned  to  serve  as  an  undersea  observation  chamber 
for  the  small  waterplane  area  hull  vehicle  SSP  KAIMALINO.  Since  the  observation  chamber 
was  to  be  mounted  only  approximately  1 2  feet  underwater,  the  hydrostatic  pressure  was 
not  of  sufficient  magnitude  to  control  the  structural  design  of  the  dome. 

Instead,  the  thickness  of  the  dome  was  chosen  on  the  basis  of  the  dynamic  impact 
to  which  the  hull  could  be  subjected  when  accidentally  striking  a  water-logged  floating  log. 
The  6.375-inch  thickness  chosen  for  the  dome  represented  a  good  compromise  as  it  gave  the 
dome  a  reasonable  impact  resistance  (roughly  equivalent  to  that  of  0.375-inch  mild  steel) 
while  at  the  same  time  keeping  its  weight  and  cost  at  an  acceptable  level. 

An  additional  benefit  of  such  a  thick  wall  was  that  the  dome  could  also  serve  as  a 
panoramic  window  for  submersibles  and  ocean  bottom  habitats  operating  to  a  depth  of  1 ,000 
feet.  In  this  manner,  once  the  tooling  was  fabricated  for  casting  of  the  dome,  the  output  of 
the  tooling  would  not  be  limited  to  impact -i  esistant  transparent  bows  for  surface  ships,  but 
also  would  provide  relatively  inexpensive  observation  cupolas  for  submersibles  and  undersea 
habitats. 

ATTACHMENT  FOR  THE  DOME 

Besides  operational  parameters  like  hydrostatic  pressure  and  dynamic  impact,  the 
method  of  attaching  the  3,000-pound  acrylic  casting  to  the  metallic  hull  of  the  SSP  KAIMA¬ 
LINO  had  to  be  considered.  The  pitching  of  tiie  hull  in  rough  water,  depending  on  its  am¬ 
plitude  and  frequency,  could  subject  the  acrylic  casting  to  gravitational  forces  in  excess  of 
10,000  pounds.  Forces  of  such  magnitude  and  the  presence  of  seawater  eliminated  adhesives 
from  the  consideration  for  attachments. 

Several  mechanical  attacluncnt  systems  were  considered  before  settling  on  the  chosen 
design.  Those  that  were  considered,  but  ultimately  rejected,  were  attachments  that  required 
either  straps  or  retaining  bars  pressing  against  the  convex  surface  of  the  dome  and  thus 
restricting  the  panoramic  view  from  inside  the  dome.  The  design  finally  chosen  relied  on 
mechanical  fastening  like  those  rejected,  but  because  of  its  layout  did  not  obstruct  in  any 
manner  the  view  from  inside  the  dome. 

Hie  basic  features  of  the  attachment  •'hoscu  for  fabrication  (figures  1  and  2)*  are 

these: 


1 .  A  metallic,  U-sltapeU  flange  restrains  the  Jorne  against  vertical  static  and  dynamic 
forces  and  provides  the  foundation  to  which  the  metallic  hull  of  the  vehicle  amt  the  split 
ring  of  the  dome  attachment  are  fastened.  The  dome  fits  into  the  flange  rather  loosely 
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(approximately  0.125-inch  clearance  b.  vegn  the  surfaces  of  the  dome  and  interior  of  the 
flange)  to  allow  room  for  (a)  thermal  expansion  and  contraction  of  the  dome  under  typical 
conditions  and  (b)  contraction  of  the  dome  under  hydrostatic  loading  encountered  at  1 2  feet. 

2.  A  metallic  split-ring  restrains  the  dome  against  static  and  dynamic  horizontal 
forces.  The  split  ring  fits  rather  snugly  against  the  inner  surface  of  the  flange  but  rather 
loosely  (approxun-^ely  0.125-inch  clearance)  against  the  acrylic  surface.  Because  of  this 
arrangement,  the  split  ring  can  be  fastened  quite  securely  with  bolts  to  the  flange  while  still 
allowing  for  limited  radial  and  axial  displacement  of  the  dome  due  to  thermal  expansion  and 
hydrostatic  loading. 

3.  An  elastomeric  filler  (silicone  rubber)  between  the  acrylic  dome  and  the  metallic 
components  of  the  attachment  serves  both  as  a  seal  against  water  and  as  a  compliant  cushion 
preventing  high  stress  concentrations  at  point  contacts. 

4.  A  cylindrical  skirt  on  tire  dome  mates  with  the  metallic  components  of  the 
attachment.  To  fit  properly  with  the  mating  metallic  parts  of  the  attachment  all  surfaces 

of  the  skirt  have  been  machined  to  close  tolerances.  This  was  necessary  as  the  casting  process 
chosen  would  not  produce  surfaces  on  the  skirt  to  the  desired  dose  tolerances. 

CASTING  TECHNIQUE 

The  casting  technique  chosen*  required  that  (1 )  a  mix  of  acrylic  monomer  resin  and 
polymer  granules  be  placed  into  (2)  glass-fiber  reinforced  epoxy  molds  that  were  subse¬ 
quently  subjected  to  (3)  elevated  temperature  and  pressure  inside  an  autoclave.  Since  acrylic 
spherical  castings  of  such  magnitude  had  never  been  cast  before  and  a  very  distinct  possibility- 
existed  that  the  first  attempt  would  be  an  expensive  failure,  a  scale  model  of  24  inches  out¬ 
side  diameter  and  2  inches  wall  thickness  was  east  first.  When  this  casting  was  successful  it 
was  decided  to  proceed  with  the  full  scale  ?S-:neh-diameter  casting. 

The  distinctive  feature  of  the  casting  arrangement  chosen  was  the  use  of  a  sprue 
located  at  the  apex  of  the  dome  to  concentrate  all  gas  bubbles  in  a  part  of  the  casting  that 
would  be  subsequently  cut  off  without  decreasing  the  size  of  the  finished  dome.  An  alter¬ 
native  approach  to  removal  of  the  gas  bubbles  from  the  casting  would  be  to  place  the  molds 
upright  and  to  pour  the  casting  mix  between  the  male  and  female  molds.  In  this  arrangement 
the  bubbles  would  rise  and  concentrate  in  the  base  of  the  cylindrical  skirt.  After  polymeriza¬ 
tion  several  incite?  of  the  skirt  base  containing  the  bubbles  would  be  machined  off,  leaving 
behitrd  a  bubble-free  casting. 

The  basic  reason  for  not  choosing  the  alternative  casting  arrangement  was  the  “-inch 
length  of  the  skirt  required  to  attach  the  finished  dome  to  the  vehicle  hull.  If  bubbles  were 
to  be  concentrated  in  the  base  of  the  skirt,  an  additional  %  to  5  inches  of  skin  length  would 
have  to  be  added  to  the  rough  casting.  The  resulting  10-  to  1 2 -inch  cylindrical  skirt  probably 
would  make  the  removal  of  the  male  mold  very  difficult  as  the  easting  mix  shrinks  approxi¬ 
mately  8  to  10  percent  upon  polymerization  and  wouid  grip  tire  cylindrical ;  '  ion  of  the 

mold  quite  securely. 
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MACHINING  OF  DOME 


The  successfully  cast  dome  (figures  3  and  4)  contained  gas  bubbles  only  in  the  upper 
5  incites  of  the  sprue;  the  dome  casting  proper  was  virtually  bubble-free.  The  first  operation 
was  to  machine  the  sprue  fl<  t  so  that  it  would  serve  subsequently  as  the  base  for  the  dome 
during  machining  of  the  skirt  surfaces  (figure  5)  in  a  vertical  mill.  Next,  the  sprue  was  com¬ 
pletely  removed  and  the  exterior  surface  was  sanded  (figure  6).  Material  test  samples  were 
also  cut  from  the  some  and  used  to  test  the  mechanical  properties  of  the  casting  (figure  7, 
table  I ).  Finally,  'he  interior  surface  of  the  dome  was  sanded  and  all  surfaces  were  polished 
(figure  8).  The  completed  dome  was  then  carefully  inspected  (figure  9)  and  its  dimensions 
recorded. 

FABRICATION  OF  ATTACHMENT 

The  U-shaped  flange  was  fabricated  by  rolling  and  welding  strips  of  mild  steel.  The 
rough  U-chanrtei  structure  was  mac  I  ined  to  final  shape  on  the  same  vertical  mill  (figure  JO) 
that  was  used  for  machining  of  the  cast  dome.  Bolt  holes  for  fastening  of  the  flange  to  the 
hull  and  for  attachment  of  the  split  ring  to  the  flange  were  drilled  with  a  portable  drill  held 
in  a  magnetic  clamp  fixture. 

The  split  ring  was  fabricated  by  rolling,  welding  and  rough  grinding  of  mild  steel 
strip.  The  ring  (figure  1 1 '  was  cut  with  a  Itacksaw  in  one  place  just  prior  to  mating  of  the 
attachment  components  to  the  dome. 

MATING  OF  ATTACHMENT  TO  THE  DOME 

The  first  step  in  mating  of  the  attachment  to  the  dome  consisted  of  plugging  the 
holes  in  the  U-staped  flange  so  tliat  the  liquid  elastomer  would  not  leak  out  prior  to  its 
polymerization  (figure  12).  The  holes  in  the  base  were  covered  with  0.2>-indt-thiek  neo 
prene  patches  that  not  only  covered  the  boR  holes  but  also  served  as  spacers  between  the 
dome  and  the  bottom  of  the  U-shaped  flange.  Without  the  presence  of  the  neoprene  spacers 
the  heavy  dome  would  displace  the  liquid  elastomer  completely  and  the  base  of  the  skirt 
would  bottom  against  the  steel  surface. 

The  second  step  in  the  mating  procedure  was  to  compress  and  insert  the  split  ring 
into  the  machined  groove  rn  the  casting  shut  (figure  13).  Now  the  dome  was  ready  for  mat¬ 
ing  with  the  U-shaped  flange.  . 

The  thud  step  was  ft.  ng  of  the  U-shaped  flange  with  tin?  elastomeric  compound 
(How  Coming  Two-Part  Room  Temperature  MymertriitgSi  I0RTV  Compound)  and  imme¬ 
diately  lowerrng  the  dome  into  the  flange  until  the  skirt  bottomed  on  the  neoprene  spacers 
and  the  surplus  elastomer  was  squeezed  out  (figure  14). 

The  fourth  and  final  step  of  the  mating  procedure  after  the  elastomer  solidified  was 
to  draw  up  she  split  ring  against  the  U*hapa4  flange  with  t  a  help  of  radially  oriented  bolts. 
Removal  of  the  extruded  elastomer  and  external  dome  lifting  damp  completed  the  mating 
of  the  atU  ihment  to  the  dome. 


OBSERVATIONS 


sicmfi  ,1!T  ,”ec!,a';k:al  prop-,lies  o!' thc  acrylic  plastic  casting  described  in  tins  pa;*  iifTer 
significantly  from  those  ol  acrylic  sheets  and  plates  i Plexiglas  G,  AcryUte,  Swedlow  , Os 
cast  solely  from  monomer  resin  (table  1 ).  A  general  statement  Jan  be  made  ha  l  7 
acrylic  m  the  dome  has  lower  tensile,  flexural  and  compressive  strength  *  ^ of 
clastiuty  and  higher  creep  than  typical  cast  acrylic  sheets.aml  plates.  This  is .  ,Cai  of 

re^manltr  by  pol>™riza<>°u '^mixture  containing  bosh  tU  mcromer 

re  n,  and  polymer  granules.  The  lower  mechanical  properties  of  such  cash  s  must  b  >  taken 

!hemaCT°r ,U  ‘n  thC  Ttm°n  °f  aH°WaWe  vvorki,,S  ***&»  for  struct  tires  fabricated  born 
them.  1  his  is  particularly  true  when  the  design  of  cast  spherical  domes  or  sectors  r  based 

on  empirical  data  generated  previously  by  the  destructive  testing  of  scale  models  of  spherical 

*****  deVi3?ed  noticeal,‘y  f«>m  specified  nominal 
dimensions  (figu  -  ».  1  he  deviations  were  not  serious  enough  to  hamper  the  dome's  use 

UonalSIT  I  Vr**  ShiP  fc 41  tIl^ukl  pbce  *****  restrictions  on  its  opera. 
fro  " -t Ti  Pa!1°ramtC  wi«ll^^S^»«ersibles.  The  most  serious  deviation 
L - . T  ■  Tf1  d,,Hen*ons  0CCUfTed  n«ar  the  apex,  where  there  was  a  visually  noti  e* 
cat,  Jd  bvfife  din0t  lC  UmT  arOU,l,J  ,hc  «w-‘“*nfwnce  of  the  sprue  base.  This  was 
/  dfcrc,,cf  m  sltrmka^  be^cen  lh®  6.375 -incMhick  dome  and  the  TJ-utcr- 

u  a  mtaT;U  r  Urmg  ‘  po,ymer*at'an  If  the  outer  surface  of  ?!,:•  dome  had  beep 

n  ?  to  eliminate  any  optical  distortion  in  the  dome  by  smootimie  out  the  shrinkage 

3t  fhC  ****  °f  dWHe  WW,ld  ttav*  •*«"“**  f«»«  specified  6.375 
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for  sanding  ana  jwUUtmg  of  surfaces  on  the  dome. 


FINDINGS 


1 .  Molds  made  of  plastic  reinforced  with  glass  fibers  present  an  economical  approach 
to  tooling  for  the  production  of  large,  spherical  shell  acrylic  castings  providing  that  the  per¬ 
missible  tolerances  on  thickness,  diameter  and  sphericity  are  at  least  ±0.250  inches.  To 
achieve  tighter  dimensional  tolerances  than  ±0.250  inches  the  dome  casting  must  be  made 
slightly  oversize  and  subsequently  machined  down  to  the  desired  size. 

2.  The  quality  and  mechanical  properties  of  the  acrylic  plastic  dome  cast  in  glass- 
reinforced  plastic  molds  by  Cadillac  Plastic  is  acceptable  for  hydrospace  applications  provid¬ 
ing  that  the  lower  mechanical  properties  of  the  casting  as  compared  to  properties  of  com¬ 
mercially  available  cast  acrylic  plate  are  taken  into  account. 

3.  The  design  developed  for  the  attachment  of  a  hemispherical  acryli;  plastic  dome 
to  the  metallic  hull  of  a  ship  has  been  found  to  be  economical  to  fabricate  and  easy  to 
assemble  with  the  dome. 


CONCLUSIONS 

It  is  feasible  to  cast  very  large  acrylic  plastic  domes  that  do  not  require  any  subse¬ 
quent  machining  on  the  viewing  surfaces  at  a  reasonable  investment  in  tooling  and  hand 
labor  for  polishing  providing  that  one  can  accept  deviations  from  nominal  dimensions  which 
exceed  those  customarily  associated  with  machined  domes  but  are  significantly  less  than 
those  associated  with  vacuum-  or  pressure-formed  domes  from  flat  acrylic  sheets. 


RECOMMENDATIONS 

It  is  recommended  that  the  casting  technique  described  in  this  report  be  utilized  for 
those  hydvospace  applications  where  (1)  only  one  or  two  very  large,  thick  acrylic  plastic 
domes  of  the  same  size  are  required  and  (2)  the  hydrostatic  loading  of  the  dome  will  be  of 
such  magnitude  that  the  dimensional  tolerances  of  ±0.250  inch  on  the  thickness,  diameter 
and  sphericity  can  be  readily  accepted.  If  the  casting  technique  is  used  for  the  applications 
enumerated  above  it  will  provide  the  hydrospace  engineer  with  very  large  domes  at  a  rock 
bottom  p.-ice. 
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Figure  I.  Dimensions  specified  for  the  finished  acrylic  plastic  dome  casting. 


Figure  6.  Machining  off  the  sprue  on  the  dome. 


Figure  7.  The  stress-strain  relationship  of «  material  test  specimen  under  uniaxial  compressive  loading; 
the  test  specimen  was  cut  from  the  sprue  adjacent  to  the  dome. 


The  fmfcjhcd  acrylic  pbstk  dome  fe  ,'■«  by  Dr.  J.  D  Stachiw, acrylic  plastic  structure 
MtC, and  Mr.  A.  Nichols,  casting  sp-  Cadillac  Plasitc. 


rtawtaj  ifnn,  (to  fork*  I  he  dome**  tkiri  In  «he  U^sfaped  flange. 
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>me  after  the  mating  with  the  flange  has  been  completed.  The  displaced  elastomeric  compound  signifies 
between  the  dome  skirt  and  the  flange  have  been  filled.  Note  the  external  lifting  clamp  surrounding 
se  and  the  chains  by  which  the  dome  is  lowered  into  the  flange. 


Table  1.  Mechanical  Properties  of  Material. 


A.  Acrylic  Plastic  Casting. 


Type  of  test 

aCast  acrylic  plastic 
sheets  and  plates 

^Massive  hemisphere 
casting 

Compressive  yield 

15,000  psi 

12,900  psi 

Compressive  modulus 

ASTM-D-695 

420,000  psi 

415,000  psi 

Tensile  strength 

9,000  psi 

8,100  psi 

Tensile  modulus 

400,000  psi 

410,000  psi 

Tensile  elongation 

ASTM-D-638 

2  percent 

4.8  percent 

Flexural  strength 

1 4,000  psi 

not  available 

Flexural  modulus 

ASTM-D-790 

420,000  psi 

not  available 

Shear  strengths 

ASTM-D-732 

8,000  psi 

not  available 

Deformation  under 

1  percent 

0.96  percent 

load  (4000  psi  at 

122°F  for  24  hours) 

maximum  j 

i 

ASTM-D-621 

NOTES: 

a  Minimum  properties  specified  for  acrylic  plastic  viewports  fabricated  from  sheets 
or  plates  -  MIL-C-24449. 

b  Actual  values  obtained  by  testing  of  coupons  cut  from  the  massive  hemisphere  casting. 
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Table  1 .  (Continued) 


B.  Silicone  elastomeric  compound0 
(Dow  Corning  3110  RTV) 

Color2 

White 

Deep  section  cure,  1-in.  depth  in  metal  can 

Yes 

Recommended  Primer 

1201 

ASTM  D  445.  Viscosity  at  25°C  (77°F),  poises 

125 

ASTM  D  792.  Specific  gravity  at  25°C  (77°F) 

1.17 

MIL-S-23586.  Corrosion  resistance 

Good/'Pass 

ASTM  D  412.  Tensile  strength,  psi 

350 

ASTM  D  41 2.  Elongation,  percent 

j 

200 

ASTM  D  676.  Durometer  hardness,  Shore  A 

45 

Linear  shrinkage,  percent,  3  days  at  25°C  (77°F) 

0.4 

Radiation  resistance,  cobalt  60  source,  25°C  (77°F), 
megarads 

100 

ASTM  D  570.  Water  absorption,  percent,  7  days  at  25°C  (77°F) 

0.4 

Temperature  range,  degrees 

-65  to  200°C 
(-85  to  392°F) 

Thermal  conductivity,  Cenco-Fitch,  25-1 00° C 
(77-2 12°F,  gm  cal/cm2-sec-(0C/cm) 

5.0  X  10-4 

MIL-1-1 6923C.  Thermal  shock,  10  cycles 

Pass 

Weight  loss  96  hrs/200°C  (392°F),  percent 

6 

Volume  expansion  25-1 50°C  (77-302°F)  cc/cc/°C 

7.5  X  10*4 

Specific  heat,  cal/gm/°C 

0.35 

ASTM  D  746,  Brittle  point,  degrees 

-  100°C  (-  143°F) 

Fire  resistance 

Self-extinguishing 

°Typical  values  supplied  by  Dow-Corning  for  31 10  RTV. 
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APPENDIX:  DESIGN  HINTS 

For  those  engineers  interested  in  utilizing  the  casting  technique  for  acrylic  plastic 
domes  or  the  design  developed  for  the  attachment  of  these  domes  to  vehicle  hulls,  some 
brief  discussion  of  their  limitations  is  in  order. 

CAST  MATERIAL 

Because  the  mechanical  properties  of  cast  massive  acrylic  plastic  domes  differ  sig¬ 
nificantly  from  those  of  domes  formed  and  subsequently  machined  from  thick,  commer¬ 
cially  available  plastic  plates  (for  example,  Plexiglas  G,  Acrylite  or  Swedlow  310),  lower 
stress  levels  must  be  utilized  in  their  operation.  Appropriate  stress  levels  can  be  determined 
using  the  ratio  of  the  mechanical  properties  of  the  dome  casting  to  those  of  flat  plates.  For 
example,  the  ratio  of  the  compressive  strength  of  the  dome  casting  to  that  of  flat  plate  is 
approximately  6/7  or  0.85.  Therefore,  the  maximum  working  stresses  in  cast  domes  should 
relate  to  the  working  stresses  in  domes  fabricated  from  plates  by  roughly  the  same  factor. 

Since  the  maximum  compressive  working  stress  allowed  at  the  present  time  for 
spherical  Plexiglas  manned  capsules  with  a  minimum  proven  1 ,000  cycles  and  10^  hours 
static  fatigue  life  is  only  4,000  psi,*  the  maximum  allowable  compressive  working  stress  in 
a  cast  dome  having  the  mechanical  properties  shown  in  table  1  should  not  exceed  3,400  psi 
(arrived  at  by  multiplying  4,000  psi  by  0.85).  The  maximum  allowable  tensile  working 
stress  in  a  cast  dome  should,  by  the  same  token,  not  exceed  1 ,800  psi  (arrived  at  by  multi¬ 
plying  the  accepted  2,000-psi  value  for  thick  plates  by  a  factor  of  0.9,  the  ratio  of  the  ten¬ 
sile  strength  of  a  cast  dome  to  that  of  typical  flat  plate). 

In  those  cases  where  the  casting  does  not  form  a  dome  but  has  the  shape  of  a  spher¬ 
ical  sector  and  the  design  is  based  on  empirical  short-term  implosion  data  of  scale  model 
sectors  machined  from  Plexiglas  G  plates,  a  different  approach  must  be  used.  Since  the  oper¬ 
ational  depth  of  spherical  sector  windows  is  generally  only  a  known  fraction  of  their  short¬ 
term  implosion  pressure,  the  only  modification  to  their  design  procedure  is  to  multiply  the 
maximum  operational  pressure  allowed  for  spherical  sector  Plexiglas  G  windows  by  the  same 
factor  that  was  used  in  the  previous  paragraph  to  reduce  allowable  maximum  compressive 
working  stresses  in  domes. 

ATTACHMENT 

The  attachment  (figure  2)  for  affixing  the  dome  to  the  vehicle  hull  has  been  specifi¬ 
cally  designed  for  shallow  depths  of  100  feet  or  less.  A  similar  attachment  could  be  used  for 
depths  to  1 ,000  feet,  but  the  clearance  between  the  U-shaped  flange  and  the  skirt  would 
have  to  be  increased  to  allow  for  greater  radial  contraction  under  the  larger  hydrostatic 
pressure. 


*Based  on  the  results  of  the  NEMO  hull  testing  program  at  the  Naval  Civil  Engineering  Laboratory,  reported  in 
references  U  through  IS, 
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For  deptlis  beyond  1 ,000  feet  the  cylindrical  skirt  and  the  attachment  developed  for 
it  (figure  2)  would  have  to  be  eliminated  altogether,  as  the  bending  stresses  at  the  intersec¬ 
tion  of  the  hemisphere  and  the  cylindrical  skirt  become  quite  high.  By  eliminating  t^e  cylin¬ 
drical  skirt  on  the  casting  its  operational  depth  can  be  readily  increased  from  1 ,000  feet  ic 
about  2,500  feet.  For  mating  the  hemisphere  to  the  hull  of  an  undersea'  vehicle  a  different 
attachment  would  have  to  be  devised. 

A  typical  attachment  for  a  hemispherical  dome  is  shown  in  figure  A.  1 .  Its  character¬ 
istics  are  (1)  lack  of  restraint  to  the  radial  contraction  of  the  sphere  under  hydrostatic  pres¬ 
sure;  (2)  lack  of  an  O-ring  groove  under  the  acrylic  bearing  surface;  (3)  presence  of  a  smooth, 
metallic  bearing  surface  on  which  the  acrylic  bearing  surface  can  slide;  and  (4)  an  externally 
located  rubber  sealing  gasket. 


HEMISPHERE  RETAINING  RING 
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